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Hi there!
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>>> import matplotlib.pyplot as plt

>>> import numpy as np

>>> t = np.linspace(0,2*np.pi,

...                 50)

>>> x = np.sin(t)

>>> y = np.cos(t)

# Now create a figure

>>> plt.figure()

# and plot x inside it

>>> plt.plot(x)

# Now create a new figure

>>> plt.figure()

# and plot y inside it...

>>> plt.plot(y)

# ...and add a title

>>> plt.title("Cos")



7© 2008-2018 Enthought, Inc. © 2008-2018 Enthought, Inc. 

>>> x = np.linspace(0, 2*np.pi, 50)

>>> y1 = np.sin(x)

>>> y2 = np.sin(2*x)

>>> plt.figure() # Create figure

>>> plt.plot(y1)

>>> plt.plot(x, y1)

# red dot-dash circle

>>> plt.plot(x, y1, 'r-o')

# red marker only circle

>>> plt.plot(x, y1, 'ro’)

# clear figure then plot 2 curves

>>> plt.clf() 

>>> plt.plot(x, y1, 'g-o', 

...          x, y2, 'b-+')

>>> plt.legend(['sin(x)',

...             'sin(2x)'])

Symbol Color

b Blue

g Green

r Red

c Cyan

m Magenta

y Yellow

k Black

w White

Symbol Marker

. Point

o Circle

< >  ^  v Triangles

8 Octagon

s Square

* Star

+ Plus

…and more
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>>> N = 50 # no. of points

>>> x = np.linspace(0, 10, N)

>>> from numpy.random \

...    import rand

>>> e = rand(N)*5.0 # noise

>>> y1 = x + e

>>> areas = rand(N)*300

>>> plt.scatter(x, y1, s=areas)

>>> colors = rand(N)

>>> plt.scatter(x, y1, s=areas,

...             c=colors)

>>> plt.colorbar()

>>> plt.title("Random scatter")
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>>> # Create some data

>>> e1 = rand(100)

>>> e2 = rand(100)*2

>>> e3 = rand(100)*10

>>> e4 = rand(100)*100

>>> corrmatrix = \

...   np.corrcoef([e1, e2, 

...                e3, e4])

>>> # Plot corr matrix as image

>>> plt.imshow(corrmatrix,

...     cmap='GnBu')

>>> plt.colorbar()
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>>> t = np.linspace(0, 2*np.pi)

>>> x = np.sin(t)

>>> y = np.cos(t)

# To divide the plotting area

>>> plt.subplot(2, 1, 1)

>>> plt.plot(x)

# Now activate a new plot

# area.

>>> plt.subplot(2, 1, 2)

>>> plt.plot(y)

subplot
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>>> # Create array of data 

>>> from numpy.random import \

...     randint

>>> data = randint(10000, 

...    size=(10,1000))

>>> # Approx norm distribution

>>> x = np.sum(data, axis=0)

>>> # Set up for stacked plots

>>> plt.subplot(2,1,1) 

>>> plt.hist(x, color='r')

>>> # Plot cumulative dist

>>> plt.subplot(2,1,2)

>>> plt.hist(x, cumulative=True)

>>> # For multiple histograms:

>>> plt.hist([d1, d2, …])
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# Add labels in plot command.

>>> plt.plot(np.sin(t), 

...          label='sin')

>>> plt.plot(np.cos(t), 

...          label='cos')

>>> plt.legend()

>>> plt.plot(t, np.sin(t))

>>> plt.xlabel('radians')

# Keywords set text properties.

>>> plt.ylabel('amplitude',

...            fontsize='large')

>>> plt.title('Sin(x)')
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# In IPython, plots show up 

# as soon as a plot command

# is issued: 

>>> plt.figure()

>>> plt.plot(np.sin(t))

>>> plt.figure()

>>> plt.plot(np.cos(t))

# In a script, you must call 

# the show() command to display

# plots. Call it at the end of

# all your plot commands for

# best performance.

import matplotlib.pyplot as plt

import numpy as np

t = np.linspace(0,2*np.pi,

...                 50)

plt.figure()

plt.plot(np.sin(t))

plt.figure()

plt.plot(np.cos(t))

# Plots will not appear until 

# this command is run:

plt.show()
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a 0 1 2 3
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>>> a = np.array([0, 1, 2, 3])

>>> a

array([0, 1, 2, 3])

>>> type(a)

numpy.ndarray

# Shape returns a tuple

# listing the length of the

# array along each dimension.

>>> a.shape

(4,)

>>> a.itemsize

4

>>> a.dtype

dtype('int32')

>>> a.ndim

1

# Return the number of bytes

# used by the data portion of

# the array.

>>> a.nbytes

16
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>>> a = np.array([1, 2, 3, 4])

>>> b = np.array([2, 3, 4, 5])

>>> a + b

array([3, 5, 7, 9])

>>> a * b

array([ 2, 6, 12, 20])

>>> a ** b

array([  1,  8,  81,  1024])

# create array from 0. to 10.

>>> x = np.arange(11.)

# multiply entire array by 

# scalar value

>>> c = (2 * np.pi) / 10.

>>> c

0.62831853071795862

>>> c * x

array([ 0.,0.628,…,6.283]) 

# in-place operations

>>> x *= c

>>> x

array([ 0.,0.628,…,6.283]) 

# apply functions to array

>>> y = np.sin(x)
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>>> a[0]

0

>>> a[0] = 10

>>> a

array([10, 1, 2, 3])

>>> a.dtype

dtype('int32')

# assigning a float into 

# an int32 array truncates

# the decimal part

>>> a[0] = 10.6

>>> a

array([10, 1, 2, 3])

# fill has the same behavior

>>> a.fill(-4.8)

>>> a

array([-4, -4, -4, -4])

a 0 1 2 3

index 0 1 2 3

a 10 1 2 3

index 0 1 2 3



21© 2008-2018 Enthought, Inc. 

>>> a = np.array([[ 0, 1, 2, 3],

...               [10,11,12,13]])

>>> a

array([[ 0, 1, 2, 3],

[10,11,12,13]])

>>> a.shape

(2, 4)

>>> a[1, 3]

13

>>> a[1, 3] = -1

>>> a

array([[ 0, 1, 2, 3],

[10,11,12,-1]])

>>> a[1]

array([10, 11, 12, -1])
>>> a.size

8

>>> a.ndim

2

a
10 11 12 13

0 1 2 3

a 2

4

10 11 12 13

0 1 2 3dim 0

dim 1

a2 x 4 = 8 2

4

10 11 12 13

0 1 2 3

dim 0

dim 1

a
10 11 12 13

0 1 2 3

2D Array

1

0

0 1 2 3

10 11 12 -1

0 1 2 3
a

1

0

0 1 2 3

10 11 12 -1

0 1 2 3
a
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50 51 52 53 54 55

40 41 42 43 44 45

30 31 32 33 34 35

20 21 22 23 24 25

10 11 12 13 14 15

0 1 2 3 4 5
0

1

2

3

4

5

0 1 2 3 4 5
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var[lower:upper:step]

#                 -5 -4 -3 -2 -1

# indices:         0  1  2  3  4

>>> a = np.array([10,11,12,13,14])

# [10, 11, 12, 13, 14]

>>> a[1:3]

array([11, 12])

# negative indices work also

>>> a[1:-2]

array([11, 12])

>>> a[-4:3]

array([11, 12])

# omitted boundaries are 

# assumed to be the beginning

# (or end) of the list

# grab first three elements

>>> a[:3]

array([10, 11, 12])

# grab last two elements

>>> a[-2:]

array([13, 14])

# every other element

>>> a[::2]

array([10, 12, 14])
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>>> a[0, 3:5]

array([3, 4])

>>> a[4:, 4:]

array([[44, 45],       

[54, 55]])

>>> a[:, 2]

array([2, 12, 22, 32, 42, 52])

>>> a[2::2, ::2]

array([[20, 22, 24], 

[40, 42, 44]])

50 51 52 53 54 55

40 41 42 43 44 45

30 31 32 33 34 35

20 21 22 23 24 25

10 11 12 13 14 15

0 1 2 3 4 5

0

1

2

3

4

5

0 1 2 3 4 5
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>>> a = np.array([0, 1, 2, 3, 4])

# slicing the last two elements returns the data there

>>> a[-2:]

array([3, 4])

# we can insert an iterable of length two

>>> a[-2:] = [-1, -2]

>>> a

array([ 0,  1,  2, -1, -2])

# or a scalar value

>>> a[-2:] = 99

>>> a

array([ 0,  1,  2, 99, 99])
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a = np.arange(25).reshape(5, 5)

20 21 22 23 24

15 16 17 18 19

10 11 12 13 14

5 6 7 8 9

0 1 2 3 4
0

1

2

3

4

0 1 2 3 4
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>>> a = np.array([0, 1, 2, 3, 4])

# create a slice containing two elements of a

>>> b = a[2:4]

>>> b

array([2, 3])

>>> b[0] = 10

# changing b changed a!

>>> a

array([ 0,  1, 10, 3, 4])
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>>> a = np.arange(0, 80, 10)

# fancy indexing

>>> indices = [1, 2, -3]

>>> y = a[indices]

>>> print(y)

[10 20 50]

# this also works with setting

>>> a[indices] = 99

>>> a

array([ 0, 99, 99, 30, 40, 99, 

60, 70])

# manual creation of masks

>>> mask = np.array(

...     [0, 1, 1, 0, 0, 1, 0, 0],

...     dtype=bool)

# fancy indexing

>>> y = a[mask]

>>> print(y)

array([99, 99, 99])

0 10 20 30 40 50 60 70

-2

0 1 2 3 4 5 6 7

-1-3

a

y 10 20 50
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>>> a[[0, 1, 2, 3, 4], 

...   [1, 2, 3, 4, 5]]

array([ 1, 12, 23, 34, 45])

>>> a[3:, [0, 2, 5]]

array([[30, 32, 35],       

[40, 42, 45],

[50, 52, 55]])

>>> mask = np.array(

...     [1, 0, 1, 0, 0, 1], 

...     dtype=bool) 

>>> a[mask, 2]

array([2, 22, 52])
50 51 52 53 54 55

40 41 42 43 44 45

30 31 32 33 34 35

20 21 22 23 24 25

10 11 12 13 14 15

0 1 2 3 4 5
0

1

2

3

4

5

0 1 2 3 4 5
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a = np.arange(25).reshape(5, 5)

20 21 22 23 24

15 16 17 18 19

10 11 12 13 14

5 6 7 8 9

0 1 2 3 4
0

1

2

3

4

0 1 2 3 4
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0 1

0

2

1

0

(4,) (2, 4) (3, 2, 4)

-1 -1

-2

-1

-2

-3

(2, 3, 2, 4)

3

2

1

-1

-2

-3

0

-4
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arange()

linspace()

array()

zeros()

ones()
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# Default to double precision

>>> a = np.array([0,1.0,2,3])

>>> a.dtype

dtype('float64')

>>> a.nbytes

32

>>> a = np.array([0,1.,2,3], 

... dtype='float32')

>>> a.dtype

dtype('float32')

>>> a.nbytes

16

>>> a = np.array([0,1,2,3], 

... dtype='uint8')

>>> a.dtype

dtype('uint8')

>>> a.nbytes

4

0 1 2 3

0 1 2 3

a

Base 2 Base 10

00000000 ->  0 = 0*2**0 + 0*2**1 + ... + 0*2**7

00000001 ->  1 = 1*2**0 + 0*2**1 + ... + 0*2**7

00000010 ->  2 = 0*2**0 + 1*2**1 + ... + 0*2**7

...

11111111 ->  255 = 1*2**0 + 1*2**1 + ... + 1*2**7
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arange([start,] stop[, step],

dtype=None)

range()

dtype

>>> np.arange(4)

array([0, 1, 2, 3])

>>> np.arange(0, 2*pi, pi/4)

array([ 0.000, 0.785, 1.571, 

2.356, 3.142, 3.927, 4.712, 

5.497])

# Be careful…

>>> np.arange(1.5, 2.1, 0.3)

array([ 1.5, 1.8, 2.1])

ones(shape, dtype='float64')

zeros(shape, dtype='float64')

shape

float64

>>> np.ones((2, 3), 

...         dtype='float32')

array([[ 1.,  1.,  1.],

[ 1.,  1.,  1.]],

dtype=float32)

>>> np.zeros(3)

array([ 0., 0., 0.])

dtype: float64

0. 0. 0.

zeros(3) zeros((3, ))

dtype: float32

1. 1. 1.

1. 1. 1.
0

1

0 1 2
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# Generate an n by n identity 

# array. The default dtype is

# float64.

>>> a = np.identity(4) 

>>> a

array([[ 1.,  0.,  0.,  0.],

[ 0.,  1.,  0.,  0.],

[ 0.,  0.,  1.,  0.],

[ 0.,  0.,  0.,  1.]])

>>> a.dtype

dtype('float64')

>>> np.identity(4, dtype=int) 

array([[ 1, 0, 0, 0],

[ 0, 1, 0, 0],

[ 0, 0, 1, 0],

[ 0, 0, 0, 1]])

# empty(shape, dtype=float64,

#       order='C')

>>> np.empty(2) 

array([1.78021120e-306,

6.95357225e-308])

# array filled with 5.0

>>> a = np.full(2, 5.0)

array([5., 5.])

# alternative approaches 

# (slower)

>>> a = np.empty(2)

>>> a.fill(4.0)

>>> a

array([4., 4.])

>>> a[:] = 3.0

>>> a

array([3., 3.])
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# loadtxt() automatically

# generates an array from the

# txt file

arr = np.loadtxt('Data.txt', 

...     skiprows=1,

...     dtype=int, delimiter=",", 

...     usecols = (0,1,2,4), 

...     comments = "%")

# Save an array into a txt file

np.savetxt('filename', arr)

# Generate N evenly spaced 

# elements between (and including) 

# start and stop values. 

>>> np.linspace(0, 1, 5) 

array([0., 0.25, 0.5, 0.75, 1.0])

# Generate N evenly spaced

# elements on a log scale

# between base**start and

# base**stop (default base=10)

>>> np.logspace(0, 1, 5) 

array([1., 1.78, 3.16, 5.62, 10.])

BEGINNING OF THE FILE

% Day,  Month,  Year, Skip, Avg Power

01, 01, 2000, x876, 13 % crazy day!

% we don’t have Jan 03rd

04, 01, 2000, xfed, 55

BEGINNING OF THE FILE

% Day,  Month,  Year, Skip, Avg Power

01, 01, 2000, x876, 13 % crazy day!

% we don’t have Jan 03rd

04, 01, 2000, xfed, 55
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5 7 9

4 5 6

1 2 3

15

6
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# Methods act on data stored 

# in the array

>>> a = np.array([[1,2,3],

[4,5,6]])

# .sum() defaults to adding up 

all the values in an array.

>>> a.sum()

21

# supply the keyword axis to

# sum along the 0th axis

>>> a.sum(axis=0)

array([5, 7, 9])

# supply the keyword axis to

# sum along the last axis

>>> a.sum(axis=-1)

array([ 6, 15])

4 5 6

1 2 3

sum(a)

5 7 9

4 5 6

1 2 3

sum(a, axis=0)

4 5 6

1 2 3

15

6

sum(a, axis=-1)

1

-1

-20

1

-1

-20
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# Functions work on data

# passed to it

>>> a = np.array([[1,2,3],

[4,5,6]])

# sum() defaults to adding

# up all values in an array.

>>> np.sum(a)

21

# supply an axis argument to

# sum along a specific axis

>>> np.sum(a, axis=0)

array([5, 7, 9])

• sum, prod

• min, max, argmin, argmax

• ptp (max – min)

• mean, std, var

• any, all
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>>> a = np.array([[2, 3], [0, 1]])

# Prefer NumPy functions to 

# builtins when working with 

# arrays

>>> np.min(a)

0

# Most NumPy reducers can be used

# as methods as well as functions

>>> a.min()

0

# Use the axis keyword to find 

# max values for one dimension

>>> a.max(axis=0)

array([2, 3])

# as a function

>>> np.max(a, axis=1)

array([3, 1])

# Many tasks (like optimization)

# are interested in the location 

# of a min/max, not the value  

>>> a.argmax()

1

# arg methods return the

# location in 1D, on a raveled 

# index of the original array

>>> np.argmin(a)

2

# NumPy includes a function

# to un-flatten 1D locations

>>> np.unravel_index(

...     a.argmax(), a.shape) 

(0, 1)
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# NumPy's where function has two

# distinct uses. One is to 

# provide coordinates from masks 

>>> a = np.arange(-2, 2) ** 2

>>> a

array([4, 1, 0, 1])

>>> mask = a % 2 == 0

array([ True, False,  True, 

False], dtype=bool)

# Coordinates are returned as 

# a tuple of arrays, one for 

# each axis

>>> np.where(mask)

(array([0, 2]),)

# Where can also be used to

# construct a new array by 

# choosing values from other

# arrays of the same shape

>>> positives = np.arange(4)

>>> negatives = -positives

>>> np.where(mask, positives,

...     negatives)

array([ 0, -1,  2, -3])

# Or from scalar values.

# This can be useful for 

# recoding arrays

>>> np.where(mask, 1, 0)

array([1, 0, 1, 0])

# Or from both

>>> np.where(mask, positives, 0)

array([0, 0, 2, 0])
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>>> a = np.array([[1,2,3],

...               [4,5,6]])

# mean value of each column

>>> a.mean(axis=0) 

array([ 2.5,  3.5,  4.5])

>>> np.mean(a, axis=0)

array([ 2.5,  3.5,  4.5])

# Standard Deviation

>>> a.std(axis=0)

array([ 1.5,  1.5,  1.5])

# For sample, set ddof=1

>>> a.std(axis=0, ddof=1)

array([ 2.12,  2.12,  2.12])

# variance

>>> a.var(axis=0)

array([2.25, 2.25, 2.25]) 

>>> np.var(a, axis=0)

array([2.25, 2.25, 2.25]) 
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a = np.arange(-15, 15).reshape(5, 6) ** 2

81 100 121 144 169

9 16 25 36 49

9 4 1 0 1

81 64 49 36 25

225 196 169 144 121

196

64

4

16

100
0

1

2

3

4

0 1 2 3 4 5



30 30 30

20 20 20

10 10 10

0 0 0

0 1 2

0 1 2

0 1 2

0 1 2

30 31 32

20 21 22

10 11 12

0 1 2

a b y

+ =

>>> import numpy as np

>>> a = np.ones((3, 5)) # a.shape == (3, 5)

>>> b = np.ones((5,)) # b.shape == (5,)

>>> b.reshape(1, 5) # result is a (1,5)-shaped array.

>>> b[np.newaxis, :] # equivalent, more concise.

>>> c = a + b # c.shape == (3, 5)

# is logically equivalent to...

>>> tmp_b = b.reshape(1, 5)

>>> tmp_b_repeat = tmp_b.repeat(3, axis=0)

>>> c = a + tmp_b_repeat

# But broadcasting makes no copies of "b"s data!



30 31 32

20 21 22

10 11 12

0 1 2

0 1 2

0 1 2

0 1 2

0 1 2
+ =

4x3 3

30 30 30

20 20 20

10 10 10

0 0 0 0 1 2

+ =

30 30 30

20 20 20

10 10 10

0 0 0

30

20

10

0

30 30

20 20

10 10

0 0

0 1 2

0 1 2

0 1 2

0 1 2

+ =

4x1 3

+ =
0 1 2

30

20

10

0

4x3 4x3

30 30 30

20 20 20

10 10 10

0 0 0

0 1 2

0 1 2

0 1 2

0 1 2

+ =

4x3 4x3

30 30 30

20 20 20

10 10 10

0 0 0

0 1 2

0 1 2

0 1 2

0 1 2

+ =

"ValueError: shape mismatch: objects cannot be 

broadcast to a single shape"

4x3 4

30 30 30

20 20 20

10 10 10

0 0 0

+

0 1 2 3



>>> a = array([0, 10, 20, 30])

>>> b = array([0, 1, 2])

>>> y = a[:, newaxis] + b

a b

0 1 2

0 1 2

0 1 2

30

20

10

0 0 1 2

+

30

20

10

0

30

20

10

0

4x1 3

=

30

20

10

0

31

21

11

1

32

22

12

2

>>> import matplotlib.pyplot as plt

>>> a = np.linspace(0, 1, 15) - 0.5

>>> b = a[:, np.newaxis] # b.shape == (15, 1)

>>> dist2 = a**2 + b**2 # broadcasting sum.

>>> dist = np.sqrt(dist2)

>>> plt.imshow(dist)

>>> plt.colorbar()



>>> x, y = \

...    np.meshgrid([1,2],

...                [3,4,5])

>>> z = x + y

>>> x = np.array([1, 2])

>>> y = np.array([3, 4, 5])

>>> z = x[np.newaxis, :] \

...     + y[:, np.newaxis]

np.meshgrid() newaxis

np.repeat()

>>> data_cube = np.arange(27).reshape(3, 3, 3)

>>> yi, xi = np.meshgrid(np.arange(3), np.arange(3),

...                      sparse=True)

>>> zi = np.array([[0, 1, 2],

...                [1, 1, 2],

...                [2, 2, 2]])

>>> horizon = data_cube[xi, yi, zi]

0 1 2

0 1 2

0 1 2

0 1 2

0

1

2

yi

xi

zi

2 2 2

2

2

1 1

1
0

data_cube

horizon
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Universal Function Methods

The mathematical, comparative, logical, and bitwise 

operators op that take two arguments (binary operators) 

have special methods that operate on arrays:

op.reduce(a,axis=0)

op.accumulate(a,axis=0)

op.outer(a,b)

op.reduceat(a,indices)
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op.reduce()

]1[...]1[]0[

][
1

0












Naaa

na
N

n

(a)add.reducey

op.reduce(a) applies op to all 

the elements in a 1-D array a

reducing it to a single value. 

For example:

>>> a = np.array([1,2,3,4])

>>> np.add.reduce(a)

10

>>> a = np.array([1,1,0,1])

>>> np.logical_and.reduce(a)

False

>>> np.logical_or.reduce(a)

True

ADD EXAMPLE

STRING LIST EXAMPLE

LOGICAL OP EXAMPLES

>>> a = np.array(

['ab','cd','ef'],

dtype='object') 

>>> np.add.reduce(a)

'abcdef'
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op.reduce()

>>> a = np.arange(3) + np.arange(0, 40, 

... 10).reshape(-1, 1)

>>> np.add.reduce(a,1)

array([ 3, 33, 63, 93])

For multidimensional arrays, op.reduce(a,axis)applies op to the elements of

a along the specified axis. The resulting array has dimensionality one less than a. 

The default value for axis is 0.

30 31 32

20 21 22

10 11 12

0 1 2

93

63

33

3

>>> np.add.reduce(a)

array([60, 64, 68])

30 31 32

20 21 22

10 11 12

0 1 2

60 64 68

SUMMING UP EACH ROW SUM COLUMNS BY DEFAULT

1

01

0
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op.accumulate()

>>> a = np.array([1,1,0])

>>> np.logical_and.accumulate(a)

array([True, True, False])

>>> np.logical_or.accumulate(a)

array([True, True, True])

op.accumulate(a) creates a 

new array containing the intermediate 

results of the reduce operation at 

each element in a.

For example:













 






0

0

1

0

1

0

][],...,[],[
n

N

nn

nanana

late(a)add.accumuy

ADD EXAMPLE

>>> a = np.array([1,2,3,4])

>>> np.add.accumulate(a)

array([ 1,  3,  6, 10])

STRING LIST EXAMPLE

>>> a = np.array(

['ab','cd','ef'],

dtype='object') 

>>> np.add.accumulate(a)

array([ab,abcd,abcdef],

dtype=object)

LOGICAL OP EXAMPLES
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op.reduceat()

>>> a = np.array(

[0,10,20,30,40,50])

>>> indices = np.array([1,4]) 

>>> np.add.reduceat(a,indices)

array([60, 90])

op.reduceat(a,indices)

applies op to ranges in the 1-D array a

defined by the values in indices.
The resulting array has the same length 

as indices.

For multidimensional arrays,
reduceat() is always applied along the 

last axis (sum of  rows for 2-D arrays). 

This is different from the default for
reduce() and accumulate().

1 4

0 10 20 30 40 50

EXAMPLE







][

][

][y[i]   
1iindices

iindicesn

na

For example:

y = add.reduceat(a, indices)

58

op.outer()

op.outer(a,b) forms all possible combinations of elements between

a and b using op. The shape of the resulting array results from 

concatenating the shapes of a and b. (Order matters.)

>>> np.add.outer(a,b)

a[3]+b[0] a[3]+b[1] a[3]+b[2]

a[2]+b[0] a[2]+b[1] a[2]+b[2]

a[1]+b[0] a[1]+b[1] a[1]+b[2]

a[0]+b[0] a[0]+b[1] a[0]+b[2]

a b b[0] b[1] b[2]a[0] a[1] a[2] a[3]

b[2]+a[0]

b[1]+a[0]

b[0]+a[0]

b[2]+a[1]

b[1]+a[1]

b[0]+a[1]

b[2]+a[2] b[2]+a[3]

b[1]+a[2] b[1]+a[3]

b[0]+a[2] b[0]+a[3]

>>> np.add.outer(b,a)
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0 1 2
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0 1 2 3 4 5 6 7 8

6 7 8

3 4 5

0 1 2
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6 7 8

3 4 5

0 1 2

data *

strides 24 8

shape 3 3

ndim 2

dtype * int64

0 1 2 3 4 5 6 7 8
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b 10 1 2 3

a 2 3

0 1
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a
0 1 2 3 4 5

0 1 2 3 4 5

>>> a = np.arange(6)

>>> a

b
3 4 5

0 1 2

0 1 2

0

1

>>> b = a.reshape(2, 3)

>>> b
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>>> a = np.array([[0,1,2],

...               [3,4,5]])

>>> a.shape

(2,3)

# Transpose swaps the order

# of axes.

>>> a.T

array([[0, 3],

[1, 4],

[2, 5]])

>>> a.T.shape

(3,2)

# Transpose does not move 

# values around in memory.

# It only changes the order 

# of "strides" in the array

>>> a.strides

(24, 8)

>>> a.T.strides

(8, 24)

a

3 4 5

0 1 2

0 1 2

0
1

2 5

a
1 4

0 3

0 1

2

0
1

0 1 2 3 4 5 6 7 8

3 4 5

0 1 2

2 5

1 4

0 3

strides 8 24strides 24 8
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>>> a = np.array([[0,1,2],

...               [3,4,5]])

# Return a new array with a

# different shape (a view

# where possible)

>>> a.reshape(3,2)

array([[0, 1],

[2, 3],

[4, 5]])

# Reshape cannot change the 

# number of elements in an

# array

>>> a.reshape(4,2)

ValueError: total size of new 

array must be unchanged

>>> a = np.arange(6)

>>> a

array([0, 1, 2, 3, 4, 5])

>>> a.shape

(6,)

# Reshape array in-place to 

# 2x3

>>> a.shape = (2,3)

>>> a

array([[0, 1, 2],

[3, 4, 5]])

a
0 1 2 3 4 5

0 1 2 3 4 5

3 4 5

0 1 2

0 1 2

0

1
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a.flatten()

# Create a 2D array

>>> a = np.array([[0,1],

...               [2,3]]) 

# Flatten out elements to 1D

>>> b = a.flatten()    

>>> b

array([0,1,2,3])

# Changing b does not change a

>>> b[0] = 10

>>> b

array([10,1,2,3])

>>> a

array([[0, 1],

[2, 3]])

a.ravel() a.flatten()

# Flatten out elements to 1-D

>>> b = a.ravel()    

>>> b

array([0,1,2,3])

# Changing b does change a

>>> b[0] = 10

>>> b

array([10,1,2,3])

>>> a

array([[10, 1],

[ 2, 3]])
b 10 1 2 3

a 2 3

0 1

b 10 1 2 3

a 2 3

10 1


